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16 ABSTRACT

Landslides occur throughout California along state highways. These
landslides can pose a safety hazard and are an inconvenience to the
traveling public. These landslides are expensive and time-consuming
to stabilize using conventional methods.

The initial purpose of this research is to identify chemicals with
the potential for stabilizing an area subject to long-term creep.
Second, to place the chemicals in the soil and monitor the area to
determine the effectiveness of the treatment.

This interim report deals with the first phase of the project, a

detailed literatur® search. Two types of chemicals were identifiéd,
resins and silicates. ‘
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CONVERSION FACTORS

English to Metric System (SI) of Measurement

English unit

inches {in)or("}

feet (ftor(*)
miles {(mi)

équare inches (inz)
square feet (ft2)
acras

gallons (gal) 3
cibic feet (ft %
cubic years (yd?)

cubic feet3per
second (ft /s

gallons per
minute {gal/min)

pounds {1b)

miles per hour {mph)
feet per second (fps)

feet per secogd
squared (ft/s®)

acceleration due to
forcezof gravity (6}
(ft/s%)

(16/£t3)

pounds (1bs)
(1000 1bs) kips

British termal
unit (BTU)

foot-pounds {ft-1b}
foot-kips (Fft-k)

inch-pounds {in-Tbs}
foot-pounds (ft-1bs)

pounds per square
inch (psi)
pounds per square
foot {psf)

kips per square
inch square root
inch (ksi/in)
pounds per square
inch square root
inch (psi/in)

degrees (")

degrees

fahrenheit (F)

Multiply b

25.40
02540

.3048

1.609

6.432 x 1074
.09290
.4047

3,785

.02832
7646

28.317

.06309
.4536
4470
.3048

.3048

9.807
16.02

4.448
4448
1055

1.3%
1356

.1130
1.356

6895
47.88

1.0988

1.0988
0.0175
+F - 32 = 4C
N

To get metric equivalent

millimetres (mm}
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)

squared (m/s
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newtans (N)
newtons (N}
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joules (J)

newton-metres (Nm)
newton-metres (Nm)

pascals (Pa}
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FINANCIAL DISCLOSURE STATEMENT

the State of California, Department of Transportation (Caltrans)
and the Federai Highway Administration (FHWA). The ceiling

amount for this contract, RTA 74E344-54F200 is $25,000.
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INTRODUCTION

There are numerous landslides in California and Caltrans spends
millions of dollars each year stabilizing them. At the present
time, most slope instabilities are corrected by removing the
slide material, installing a drainage system, replacing and
compacting the previously removed material or importing and
compacting a higher quality soil. This method is both expensive
and time consuming. The object of this research project is
twofold, first to stabilize a slope that is subject to long-ternm
creep by using the in situ technique of chemical stabilization.
Second, to evaluate the method to determine if it is economically
competitive with existing methods.

The research project is divided into two phases. The first phase
was to perform a detailed literature search to identify chemicals
and processes that could be used and the second is to inmplement
the findings of the literature search. Second phase tasks are to
identify one or more sites that are experiencing long-term creep,
place the chemicals in the soil, and monitor the sites to
determine the effectiveness of the treatments.

This interim report deals with the first phase of the project,
the literature search. The literature search was conducted by
the Institute of Transportation Studies at the University of
California, Berkeley (UCB). The literature search was to
identify two specific subject areas. First, to identify
chenicals that have the potential for stabilizing slopes
experiencing long-term creep. Second, to identify methods of
pPlacing the chemicals in the soil. The literature search report

contracted by UCB is appended to this interim report as an
attachment.
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SUMMARY OF CONCLUSIONS FROM UCB REPORT

The literature search revealed a host of information on the use
of chemicals for stabilizing soil. However, very little of the
information dealt with stabilizing creeping slopes. Most of the

information dealt with road bases, erosion control, or decreasing
settlement.

Laboratory 5011 tests using chemicals for stabilizing soils
consisted of the following: Atterberg limits, some type of
strength test, potential for volume change, moisture-density

‘relationships, water resistance, and resistance to weathering.

Fieldytests were reported as case histories and were limited to
foundatlons, road bases and tunnel excavations. Specific

1dent1f1catlon and formulation, propertles, cost and availability
of tho chemicals were not indicated.

" SUMMARY OF RECOMMENDATIONS FROM UCB REPORT

The'iiﬁerature search revealed two chemical types that show

promiée for the stabilization of slopes experiencing creep. They

are the following;

~-.Resins-

—«Slllcates
Both types have been effectlve in increasing the strength and
stability of soil in more than one case. The potential for
effective stabilization of an area appears high if these
chemfoals are well mixed with the soil.
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The second objective of the literature search was to identify
methods of placing chemicals in the soil. Three techniques were
identified for the placing of chemicals in the soil in a well
mixed condition. They are the following:

- Jet Grouting

- Deep Chemical Mixing

- Impulse Injection
These techniques are relatively new and need further
investigation.

IMPLEMENTATION

The Caltrans Transportation Laboratory will implement the
findings of the Phase I literature search.

The current approved proposal will be revised and expanded to
describe those tasks that will be performed in Phase II. Once
the revised proposal is approved, field work will proceed.

The process of identifying one or more sites that are
experiencing long-term creep is in process. The gsoils will be
tested to determine which of the two types of chemicals shows the
best promise for stabilization. The three mixing techniques will

be investigated to determine which technigue works best with the
chosen soil and chemicals. '

DISCUSSION

Presently, lime and portland-cement are additives that are used
to stabilize fine-grained sdils. The main uses have been for
treatment of roadway base cburses, erosion control and prevention
of settlement. A detailed literature search was conducted

- -

wayfastio.com


http://www.fastio.com/

ChibPDF -

Wy fastio.com 5

Since both of these products have been shown to be somewhat

Successful, it was decided to investigate other Products for the
stabilization of slopes,

A literature search was conducted in-housg into the use of
chemicals for the stabilization of slopes. Since very little
useful information was located, it was felt that this was still
an area that needed to be investigated. To further this
investigation a contract was awarded to the University of
california, Berkeley and this interinm report deals with the
resulting literature Search and recommendations.

The main purpose of this project is to stabilize slopes that are
experiencing long-term creép by using chemicals or chemical
admiktures. In order to accomplish this, the chemicails injected
into. the soil must increase the soil shear strength. This is
accomplished be either Cementing the soil particles together or
by increasing_the'soil'cohesion. Also, the reduction of the soil
pblasticity and an increase in the water resistance are beneficial
s0il: property changes, '

In the field of soil stabilization many chemicals have been
tried. The chemicals were injected, mixed or allowed to diffuse
thro@gh the soil. Of the chemical types that were identified,

only.resins and silicates appear to be applicable to slope
stabilization.

Cancérning resins, the literature. gearch references provided
little specific information or data about the individual resins

testéd. There are a large number of natural and synthetic resins

- -
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avaiiable‘for use and one of these resins may be a good candidate
for slope stabilization. Resins can be used in sandy and clayey
soils. They can bring about an increase in strength and a
reduction in swelling. Resins have an advantage of a faster rate
of setup than many other chemicals. A drawback to the use of
resins is their high.cost.

Sodium silicates work to stabilize a s80il in the same fashion as
resins, by £illing the pores of the soil and cementing the soil
particles. Again, the literature search revealed little
information on the compositions of the silicates viewed as
promising for slope stabilization.

Diffusion rates of chemicals in soils are very slow: therefore,
it is not reasonable to expect that a critical mass of soil can
be permeated by diffusion alone. The literature search uncovered
three techniques forthe pPlacement of chemicals in the soil to
achieve a well mixed condition.

Deep chemical mixing, jet grouting and impulse injection are
bProcesses that can be used for the placement of chemicals in the
soil in a well mixed state.

Deep chemical mixing is an in situ bProcess whereby an admixture

is mixed with the soil to form stabilized columns or walls. A
measured amount of stabilizer is placed into the soil through
rotary drills egquipped with special bits that mix the chemical and
the soil thoroughly. The process can be used alone or with other
stabilization methods. The necessary factor of safety can be
achieved by an arrangement of individual columns, groups of
columns, in situ walls, or treated buttresses.

waww . fastio com - B


http://www.fastio.com/

ChibPDF - www.fastio.com

grouting is a tééhﬁiéue that fractures and erodes the soil
around a drilled hole by high pressure jets directed horizontally
away from the drill rod. The chemical is injected through the
drill'rod‘and mixed with the disturbed soil to form columns of
stabilized soil. This method can be used vertically or at an
angle to stabilize a slope.

Impuiée injection is a rapid series of pulsed injections under
veryihigh pressure that is used to mix a chemical stabilizer with
the éoil. The injected.material breaks down the soil and mixes
withiit to form a high strength area.

’Apﬁendix 1 is a copy of the letter sent for the solicitation of
‘information on chemical stabilization of slopes.

Appéﬁdix 2 is a list of manufacturers and distributors of
propyietary chemical stabilizers.

'Appghdix 3 is a listing of sources for resins and silicaes. The
1istéd companies should be able to provide information about
comp@sitions, prdpérties,‘handling, environmental impacts,
avaiiability and costs of the chemicals. These companies will be
contécted,as part of Phase II work.

' Appeﬁ_dix 4 lists organizations that are involved in deep mixing,
jeﬁ‘ﬁrOuting and impulse injection. These companies will also be
cont%cted as part of Phase II.

ke
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NOTICE

The contents of tﬁis report reflect the views of the
authors, who are résponsible for the facts and the
accuracy of the data presénted herein. The contents
do mnot necessarily feflegt the official views or
policies of the State of California or the Federal
Highway Administration, This report does not con-

stitute a standard, specification, or regulation.

The State of California does not endorse products or
manufacturers. Trade or manufacturers' names appear
herein only because they are considered essential to

the object of this document.
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TINTRODUGTION

A. Statement of Problem

Unstable and creeping slopes along and adjacent to California highway

rights of way pose immediate and continuing problems in highway maintenance

for the California Department of Transportation. The results of a compre-

hensive literature evaiuation of promising chemical additives and methods
for stabilization of landslides that might help mitigate this problem are
presented in this report. Lime and portland cement, the most widely used
admixtuyes for soil stabilization, were excluded from this study, except
where referreﬁ to for éomparisén purposes.,

Field testing of chemical slope stabilization is to be undertaken by
Caltrans using the results of this study. Important considerations in the

design of a field test program are indicated.

B. Method of Investigation

" This evaluafion of chemical additives and methods is based on infor-
mation in the literature available to the authors. Relevant reports, arti-
cleg, and papers were reviewed that were available from the libraries at
the University of California, Berkeley and personal files.

In addition, information regarding specific chemical soil stabilizers
was obtained through personal contacts with companies marketing special
products. Finally, the Geotéchnical Engineer of the Department of
Transportation of each state and.of each Federal Highway Administration
Region was cqntacted and informed of the investigation and asked to forward
any pertinent information. A copy of the letters used for these contacts
and a summary of the results of the solicitation are given in Appendix 1.

Unfortunately, while many of the individuals who were contacted responded,

www . fastio.com
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few had any personal experience or information about the use of chemicals

for slope stabilization.

coﬁ?’:ws:toﬁs

: Much information on the stabilization of soils using chemicals is
av;iiﬁble in the literéturew However, little concerns chemical stabiliza-
tié; of landslides and natural slopes. Most of it deals with the stabi-
1ié?tion of soils for use in road bases,‘erosibn control, the prevention of
seffleméht of structures, and, to a lesser extent, with the stabilization
of%?ﬁts/ekcavations.

: The few referenéeé specific to landslide stabilization concerned ion
exéﬁange; injection of chemicals, and groufing of hillsides. Very few
teéts have been pérformed in the laboratory to study the stabilization of
sléges; results presentea were either from field tests or from case histo-
ries.

‘Soil stabilization chemicals that have been studied most in the labo-
raﬁﬁry include phosphoric acid, salts,.resins, sodium silicate, lignin,
'Brganic pationg, and hydroxides. Laboratory tests for the evaluation of
théir effectiveness generally included ome or more of the following:
Atﬁerberg limits, some type of strength test, potential for volume change
cb'.l;‘:ztrol, determ@nation of moisture-density telationships, water resistance
te;ts, and resistance to weathering (freeze/thaw, wet/dry). Chemicals were
mo%t often mixed with or injectgd into the soil, with the resulting mate-
riél compa;ted to make test samples of the soil-chemical mixture. A wide
Faﬁge of soil types was tested, including clays, silts, loesses, loams,

tills, sands, and gravels.
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Field tests were generally on roads that incorporated sections of
stabilized so0il. 1In situ strength tests, resistance to weathering, and
penetration tests were some of the evaluation procedures used in the field.

Case histories described in the literature included the chemical sta-
bilization of foundations, rocad bases, and a few tunnel excavations. In
most cases specific identification and formulation, properties, cost, and
availability of the chémicals were not indicated. The toxicity or other
potential environmental impacts of the chemicals were not stated, and in

most cases they are probably unknown.

RECOMMENDATIONS :

A. Most Suitable Chemicals

Despite the large number and variety of chemicals that have been pro-
posed for soil stabilization, only a few, other than portland cement and
lime, have shown promise for the stabilization of slopes. Based on avail-
able laboratory and field test results, the materials with the greatest
potential applicability appear to be:

1. resins

2. silicates
Both resins and silicates proved effective in increasing the strength and
overall stability of soil in more than one case. The potential for stabi-
lization of slopes with either of these two materials appears high if they
are mixed well with the soil. Whether they will be effective if simply
- injected into the soil mass withéut intimate mixing depends on whether they

permeate the shear zone or migrate along the shear plane.

ClibPDF - www .fastio.com
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P Otfier chemitals that appeared promising in at least ome test include
aﬁumﬁﬁuﬁ=ﬁyd%bxi&é;'ca$c$umxﬁyd&axi&e, fatty acid amine acetate,
gypsum/slag, poly aluminum chloride, and cement grout.

“ & few of the preprietary products suggested by manufacturers appear

to hdve some potentidl for the stabilization of slopes. A sulfonated oil

product and & systen invelving several unspecified chliemical compounds, the

‘GIayﬁ&k~§y§ﬁﬁw¢ fiay be promising.

“Fiaglly, three relatively new techmigues should be considered for
slope stabilization. Jet grouting, deep chemical mixing, and impulse in-
jection are processes that can be uged to mix a chemical with the soil in

situs

B. Cuidelines for Method Suitability

" & chefifcal stabilization method can be considered suitable techmi-
calﬁf if it can be demonstrated tﬁat the strength and durability of the
tfﬁégéd soil will be sufficient to insure ddequate slope stability over the
long term. - By durability is meant the resistance of the treated soil to
sﬁf@%gth loss due to potential advérse effects of wetting, drying, freez-
iﬁg,jﬁﬁaﬁiﬁg, leaching, ot chemical dnd bicleogical processes of degrada-
tion

;:gﬁféﬁgtﬁ-impfévéméﬁﬁ arid the short term resistance to property degra-

dation due to somie of thiése factors are reddily evaluated by laberatory

‘tésts. Test programs of the type used for assessment of the strength and

stability of stabilized soils used for othier purposes, e.g., pavement bases

afid subgrades, can be used. Consideration must be given, however, to use

" of representative treatmeit levels, densities, water contents, confining

pressures; and access to water.

www fastio.coni”
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The long-term durability is less easily determined. Although the
results of accelerated weathering and cyclic loading tests in the labora-
tory are useful indicators, the most useful and reliable information will
be provided by continued observation of the performance of the field test
section. These observations should be accompanied by periodic in situ mea-
surements of éroperties or sampling and laboratory testing.

The practical suitability of a method will depend on there being
available equipment and procedures that will enable getting the proper
amount of stabilizer to the right place at the right time. The surest way
to do this would be to excavate the slope, mix the soil with the stabi-
lizer, and recompact the slope. The practicality and economics of doing
this are prohibitive in most cases. Accordingly, other techniques for in-
jection and mixing in-place must be considered, and they are considered
later in this report.

The environmental suitability of a chemical method must be evaluated.
Unfortunately, the literature on chemical stabilization of soils does not
include much information on toxicity or other possible adverse environmen-
tal impacts, although such information is available for some of the chemi-
cal grouts; Prior to field tests of a chemical stabilizer it will be nec-
essary to satisfy all relevant environmental regulations pertaining to pro-
tection of workmen, groundwater, etc.

Finally, the economic suitability of a proposed chemical stabiliza-
tion must be determined. Chemical stabilization is but one of several

methods that may be considered in any case.
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‘€.: Possdbile: E-aseilza:. Tasts;

U‘nambmgueus eval‘uaxtmm of a chemfical slope stabilizer im the field

b

wml]i be a; ehalilenging undexrtaking. Great care will be needed in the selec-

t¥om of a su-:i.‘tabﬂi‘e* siite;, evaluatiem and documentatien of inditial econdi-

5

tions,, desdign: andi control of the: test sections, execution of the stabiliza-

I
tion, andi menitoring off subsequent envirermental ceondiitiens: and sliope per-

fozmance:..

Regandlless: of the: chemdcalis: ox sdites: chesen, It s essentiall that the

stabiliizer be ineorporated within the soil regions where deformatien and/or

Failure are taking pﬂiaee».. Although: the: preceding statement would seem

obv:tous, locatlngf the: shear zones: and insuring a suitable distribution of

f:ha chemileal are: llkely to be the~ twe: most ]Elmltmng factors in the effec-

tLVE- stabllimzat:mm Oﬂ‘? a s.Lopes

| Baifﬁusi’on: rates: of c'}iem‘:iicc;f]is; im sedls are very slow, on the order of
om;l%y; a few incﬁas; per ye-ém:‘ for- simple, small fons, and less than this for
lia:rge' m:aﬂle_c-;ua]las;.. H.-ccerd?i‘ngfl‘:y?,, 1t i:'s:'no_tit reasonable to expect that a criti-
ca]l masé: of St;-iéli can: be: permetaai:ed! by diffusion alone. Thus, the simple
i“»ml‘ectlem of G'.:l"'lem‘i?cael'%s in the hepe that they might migrate throughout a

deflorming; mass: off fine-grained; sofl is unrealistic. Similarly, permeation

g:_réuﬁi!ngi;; i.en. ,., the: fﬂlllng, ofs vrdﬁ.‘-d’s; i a .sosiél’ with chemical grout, becomes
d’jﬁi}'fiicu*]itz when the: sodli cen‘ttad:irrs: more tham arbc-)ut 12 percent fines and
i?mgposs.:iiﬁ-]i@ when\ tz'hez fi‘hes: centent iis: greater than about 20 percent.
| ‘I{echnmq‘ues‘ are: now avaml!ahlfe» for j;ét: grouting and deep chemdical mix-
b}p wh&chx stabmhmzrmg; chemiicals; cam be mixed in sitw with the sofl.
'Iihms. exttends: greatly tlhe zange: foxr successfull 1n situ chemicall stabiliza-
tmrr beyond’ the permeatmm grouting: of coarse-grained soills: andi enpcapsula-

tr:l.on g;x:@ut:iing off fiiissuned soills; that has: been possible heretofore..
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The new techniques make it possible to form columns, walls, and but-
; tresses of strengthened soil. If the properties of the untreated and
treated soil are known, it is then possible to design systems to bring the
slopes to acceptable factors of safety. The new technologies are described
both in the technical literature and in literature provided by the
specialty contractors who have the equipment necessary to do the work.
Brief descriptions are given in a later section of this report.

The detailed design of a specific field test is beyond the scope of
this report. It is.possible,-however, to list criteria that must be con-
sidered in order to optimize the possibilities for a definitive evaluation
of a chemical slope stabilization field test. The following aspects must
be considered carefully:

1. Site selection

A site should be selected where an existing slope is under-
going measurable creep or is at a state of incipient failure. A
relatively homogeneous soil profile, or a profile with a clearly
defined shear zone is preferred. The soils should be fine-
grained, or there should be enough fines that stabilization is
not possible by simple grouting. The site should be of suffi-
cient size and geometry so that side-by-side sections of treated
and untreated soil can be compared. Groundwater conditions
should be known, and there should be reasonable expectation that
if a normal winter foliows the start of the test, then the
untreated section will either fail or there will be accelerated
creep movements,

2. FEvaluation of initial conditions

A complete set of field and laboratory tests should be done

ClibPDF - www .fastio.com
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so that the prarf:;]?ez, seil propetties, and water table conditions
cay be accurately defimed.
Selection of chemical stabilizer

& materizl frem ameng the resims or silicates sheould be cho-
sem on ‘th'e: basis: of a suitablie laboratory testing pregram using
the proposed chiemiical formulation amd soit samples that are
representative of both the solid and fluid phases in the field.
It fs essential th:aaﬁ the strength and deformatiorn properties of
the soil treated to a level that can be reasonably expected fm
the field be determined.

Desiign of treatment. program

Analyses should be made to determine the amount of soeil that
must be treated. The geometry of the treated zones; e.g., piles,
piers, walls, buttresses:, should be decided. The loeation and
digtributiom _Gf these strengthened elements can be selected, us-
Ing: appr.opz-‘.;l"-a'te; stability analyses, so as to give an appropriate
fa-,eﬁ'of of, safety.

G‘Qnis-tnuct:i;cni procedures:

The cqnsﬁx;:u:ction: procedures should be defined in advance.
Some field testing may be needed to evaluate the applicability of
new mix-in-place or speecial grouting technologies. Samples of
the treated soil should be takem during construction to verify
that the specified properties are being attained.

Both the treated and untreated test sections should be in-
strumented with piezometers for measurement of water levels and

slope: indicators: for measurement of profiles throughk the
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deforming ground. Surface survey monitoring points should be
placed.
Monitoring

The instrumentation should be read on a regular basis, and
the data should be evaluated as it comes in so as to maintain a
real time assessment of the field performance.
Evaluation

Comparison of the movements recorded in the treated and un-
treated test sections should provide an indication of the oﬁerall
effectiveness of the stabilization. Sampling of the treated and
untreated soil at the end of the test will provide a basis for

final evaluation of soil properties.

BACKGROUND ON LANDSLIDES

A.

Introduction

A landslide can be classified in one of three categories:

1.

3.

Downslope movement of surface deposits, including talus creep,
sheet slides, earth flows, and debris flows.

Landslides of soil along rotational sliding surfaces (slumping),
movement along composite sliding surfaces, and

the squeezing out of soft rock.

Rock slides.

The California Department of Transportatidn is interested in stabi-

lizing hillside movements due both to creep and to failures along rota-

tional and compdsite slide planes.

www . fastio.com
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B. Creep Phenomena

d The phenomenon of creep occurs when surfaée layers of clayey material
moéé downhill as the result of slow plastic deformation. Surface movement
raﬁes are usually a few millimeters to a few centimeters per year. No dis-
créte'slide plane develops, but rather a broad zone within which small
mdvements occur is formed, making stabilization difficult. Motion is
restrlcted to a relatively shallow surface layer that may not exceed the

depth of seasonal variations in temperature and moisture.

€.. Landslide Correction

Correcting landslides (Table 1) involves preventing the movement of
the soil ﬁass'by (1) éonstrﬁction of barriers able to resist the downslope
fofces andfor (2) reducing the forces tending to cause the movements.
Te&hniques used to do this include improved drainage, construction of
regaininglwa1154 installation of pile and sheet pile walls? treatment of
thé slope conformation, and the application of special methods. Strength-
eﬁ;ng the soil by such methods as electro-osmosis, thermal treatment
(h;éting or freezing), grouting, and chémical treatment fall in the cate-
gg%y of special metheods.

: -Very little has been done using chemicals other than portland cement
aﬂ& lime for landslide and ereeping hillside stabilization. Satisfactory
chémical treatment appears possible, however, for strengthening marginally
stable slopes, slopes subJect to creep, and for slides and slumps where the

shear failure surface car be Tocated.

St \O (o n ' ) o - o - _ I - _ . ..._..____.._.__..__
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TABLE 1 METHODS OF STABILIZING SLOPES'AND.LANDSLIDES

Schene

e S

l. Escavatioa

T,
1

il

-~ 4

%

Il. Dralnage 1.

2.

S\

[

IXX. Rarch or rock
buttress for

barm £111)

1.

-

)

IV. Racataing SErutturin 1.

- Y. Spactiul tuhlqup

5.

Applicible Mathods

Lommenca

Seduce slopa kalght by encavation 4¢ top
of slope. -

. Tlatcem the slaps angle,

Excavete a banch (g Upper part of alopa,

Cacavate the emcice slide maga,

Suall dlenacer,
{hydravgers),

Conzinesus deep aubdeatn cranch,
GCamarally ) vo 1S £ desp.,

horizoncal deatne

Prilled vercical wells - Jenecslly 18- ¢o
- d Lemater,

fsprove sarface dratnage slong top of .
slopa with open dic, h ot paved gutcar.
Inatsll desp d, 1 tatant
Plants oa alops faca,

Excavate slfde mass and replace wich
Compacted earth of rock huttrase [$34
Toar of buttress maat be keyed
firm setl or reck below slfde plang.
Deadn blumker with tavity Ilow ouclac
is srovided 1a back slope of buttrens
1L,

Compacted sarch or rock berm placed at
#ad bayond the toa, Dratosge say ba
o Yrovided bahind berw,

Eataintag wall - crid or csatilaver typa,

Seilied, cast-is=~place wertical piles,
Wattoned wall below boktom of slide
rlane. Camarslly LB o 36 in. in
diamnter and 4= to &-ft spacing,

Brilled, cast-ia~place varcical piles
tied back with hattered riles or & dead-
San.  Plles bottowsd well below slida
plane. Conurally 11 to 30 in. in
dlsmater and ot 4~ 1o 8¢ apucing,

Iarth sachirs awd rock bolcs.

Reinfoccad aarth.

Crouting
Owaical injection

Uectroonsais (in Hn-;ul-nl solls),
Freasiag
Beating

Arss has to be accamulble to comstryction

vatad soi],

| )

3

&

AL

equipwent, Disposal site neaded for exca-

Orainage sometimes locorparated
is this mathod,

Most affectiva 1f can tap warursl aquifer,
Oraina are usually fran={lowing.

Teanch boeton thould be sloped to drasin
and ba tapped with an outlec pipe, Pepa
forated pipe shouid be placed on trench
battow, Top of tranch should be cappad
viEh impacyicus sacarial.

Can be pomped of tapped wicth u gravicy
outlec. Severs) valle (n & row, Joined
AT bottow can form a dralnage gailery,

of each well should be capped wich

Inpecvions matarial.

Cood practice for st slopas.

Direce
the discharge svay {rom slide

Accass for Construction equipment and
Eewporary ecockpile area tequired.
Excavated aoil can uscally he used fn

Underpinning of existing structures
may b required. Hight have 3 ba dona ia
shoze waccions if scabilicy durtog con=
struction Ie critical,

Sufflclent widen #nd thickoass of barm
Tequired so fatlure will o4t occur below

or throwgh berm.

Usually expansive. Cancilevar walle
might have to be tied back.

Spacing should be Such that sofl can arch
batween piise, Grade baam can be uaed o
tie piles togethar. Yary lerge dlanecar
{6 It +) piles have besn used for dunp
lides,

Space close enough
between piles,
vith grade hesa.

20 801l will arch
Files cam be tied togecher

Can ba used for high slopas,
limtced ey,
ba waad, p

ad o very
Conservative desiygn should
lally for p Ee

PP

Usustly apenaivy.

ond 2, Used successfully in & wumber of
Casas, Used at other Cimes with
tele Auccean. At che pressnc,
theory 1s not conpletely undwrstood.

3. Ganerally expensive.

and 3. Spacial achods which must be
Specifically evaluaced at mech sig;.
Can be azpensive,

t of thesa techniques should be corefully

evaluated 1 Advance o datermine the probable
cout and allectivenany,

(From W, J. Turnbull ang M,

Journal, Soil Mechanics angd Foundations D

J. Hvorslev,

"Special Problems in

Slope Stability,"

PP. 499-528))
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LITERATURE SURVEY AND DISCUSSION

A, + Introduction

In the past the primary additives used for the stabilization of fine-
gralned soils were lime and Portland cement. P;imary applications have
bgan for treatment of pavement subgrades and base courses. Neither of
thgse materials nor other chemicals have seen wide application for slope
sﬁébilizatienx However, injection of cement and chemical grouts has been
usgd successfully for soil strengthgning in a number of cases.

_; To stab1llze a hillside, the chemicals muét affect the soils so as to
ﬁgintain or increase the shear strength, e1ther by cementlng the soil par-
ticles andfor by giving the soil cchesion. In addition, reduction of the
:plasticity and an increase in the water resistance of a soil are QQSirable

‘ property changes, |
Lime columns and mix-in-place piles and walls have been developed in
_%eggnt years, and they may find wide application in the future. "fn addi-
zﬁiqn, technlques for jet grouting are now available. These new develop-
j@ents, Qescribed in more detail later in this report and in Reference No.
éSﬁ prov1de a means for mixing the stabilizer with the soil and for.treat-
-;ﬁgnt qf‘clearly defiﬁed zones. Thus, it is now possible to design a stabi-

lization such that if the specified geomgtry and treated soil strength are

¥

% obtained, a reasonahle evaluation of the new factor of safety will be pos-

~ sible.

- B. Summary of therature on_ Chemlcal Stabilizgtion of Soils
The references appended to this report list all of the papers,
reports aﬁd other articles reviewed for this study. Each reference is

listed alphqbetically by author and again numerically by acc3551on number.

CMQ!”)»—xMhAVf@SNO(*’N
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The latter listing will be useful to readers who wish to quickly identify a
reference corresponding to an eﬁtry in Table 2 or to céll up the informa-
tion from the computer data base assembled during this project.

Several keyword numbers have been assigned to each reference to pro-
vide a rapid assessment of its contents. The keywords are listed both
alphabetically and numerically preceding the reference lists.

Table 2 contains a comprehensive summary of all the reviewed informa-
tioﬁ from the litérature; organized by chemical class; e.g., salts, resins,
hydroxides, acids, polymers, etc. To the extent that the information and
data were available, the following entries are given for each chemical
tested or proposed as a soil stabilizer:

1. Chemical

2. Treatment level - percent, by weight of dry soil, in most cases

3. Soil type

4. Sbil state - except for grouting studies, most investigations

were ﬁade using compacted‘spécimens of treated soil

5. Laboratory tests - an X indicates laboratory tests used for eval-

uation

6. Field tests - an X indicates field tests used for evaluation

7. Test type - type of test used to evaluate stabilizer

8. Cure time - Time between soii treatment and testing

9. Method of application - means for incorporation of stabilizer

with soil

10. Test results - brief summary of most important test results

11. Aﬁthor's Comments - summary of the main conclusions and recommen-

dations given by the author(s) of the indicated reference

www . fastio.com
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12. Slope'etabilization potential - this is an opinion by the authors
of the present report (Mitchell and Xlainer)
13. Reference number - see numerical listing of references for com-
plete citation.
A listing of the abbreviations used in Table 2 follows the table.
A separate listing of all the proprietary chemicals and stabilization
eystems that have been reviewed relative to suitability for slope stabi-
iization is given in Table 3. Addresses for the manufacturers or distribu-
-tors of these products and the names of company contacts are indicated in

Appendlx 2.

Interaction between the soil to be stabilized and resins consists of

e1ther the binding of the soil particles by the resin or the filling of the
;VOIdS in the soil structure. Resins can be either-mixed with the soil or

kinjected into it to create a stabilized material.

C. Non-Proprietary Chemical Techniques for Soil Stabilization (Table 2)

Many chemicals have been tried for soil stabilization. They have

;been either mixed with, injected into or allowed to diffuse through the
:soil samples. Of thliose listed in Table 2 only the resins and silicates

fwould appear to have general appllcablllty.

Unfortunately, the references provide little specific information or

Ldata about the part1cular resins tested, and a wide range of materials has
fteen studied. A lerge number of natural and synthetic resins and resin-
:like materials is available. Acrylamides, liqnosulfites; phenoplasts,
iaminoplasts; urethanes, epoxies, and.uolyesters have all been used in chem-
?1cal grouting, and one of these materlals may be a good eand1date for slope

.‘stabilization. Since direct mixing of the chemical and 5011 is regarded as

wavwfastio.com
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ABBREVIATIONS USED - TABLE 2

amount |

asphalt®
Atterberg 1imitsi
analysis B
ammonium

compounds

compaction

change -
constant
chemicals

contraction
compression

pépillaryf#bsorption.

California Bearing Ratio

- decrease

day(s)
differential
&iffereﬁt_
diffuse(d).
dynamic
erosibn
expansion
facilitate
freezing
formaldehyde
freeze/thaw
generally
gypéum
hour(s)
increase

immersed

‘immediate

kaolinite
liguid limit
lignin
molasses

month(s)

-

mont
m-d
mvemt
mat ‘]
mod
max
opt
¥c

propor

'pt

PI
PL
prev
pa
pen
quat

resis

sm

stab
sulf

32

montmorillonite
moisture-density test
movement

material

modified

maximum

optimum

portland cement

proportional

' peint

plastic index

- plastic limit

prevent(s)
phosphoric acid
penetration
quaternary
resistance
small

stabilize
sulfuric

significant

. strength

standard
settlement
temperature
treated
Lreatment
untreated
unimmersed
untconfined
volume

water content

weathering

maximum dry density

wet/dry

" with
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Company
Ton Tech, Inc

American Consolid
Inc.

Soil Stabilization
Products Co

American Soil
Technology Corp

Chevron

Stabilizer

Central Chemical
Company

ECO Geochemical
Consutting Ltd

Kansai Engineering
Co., Ltd

Takenaka Komuten
Co., Ltd
Takenaka Doboku
Co,, Ltd

Earth Science
Products Corp

www . fastio.com

TABLE 3 PROPRIETARY CHEMICAL

Intended
Product Chemical Use
Unidentified ionic stop active
chemicals solution landslides

Consolid 444 petroleum load bearing
& Conservex distillates foundation
for roads

BIO CAT 300-1 biochemical stab soils
formulation for roads,
slopes

ECO 550 polymers road bases,
erosn control

ECO 110 resin erosn controk
emulsion
SUBIKD inorganic  road bases,

sulfur form dust control

SUFERM inorg & org stab earthen
chemicals structures

Stabilizer organic  erosn control
mat'ls ?
Cla-pPak, Unknown - base stab,
Cla-Set, erosn control
Cla-chek
various many uses
grouts
GEOSTA fnorg soln roads, soft
ground, erosn
control
DCM cement stab deep
slurry foundations
Condor SS sulfonated road stab,
oil embankments

Intended
Soils

clays

cohesive;
semi~
cohesive

any

any

any

semi-

cohesive

topsoil,
sand

clays &
silts

any

any

clayey
soils

silts,
clays

STABILIZERS
Method of Cure
Application Time

injection; unspec

diffusion

mixing 24 to 48
hours

mixing

mixing 72 to 96
hours

spraying a few
hours

spraying;

mixing

]

mixing

mixing;

spraying

mixing

mixing;

injected

Treatment
Level

unspec

Chh4: 6.25 g/
100 yd2

Cons: 25 g/

100 ydz2

11/1.8m3

1 9/15 ft2/4in
depth

0.9-9.0 /m2

0.25-0.75 l/m2

clay: up to 25
g/ft/mile
silt: up to 6
g/ft/mile

depends on
soil

33

Qealiliansine

Potential

uncertain

?, cannot be
injected

unknocwn

unknown
low
unkpown
unknown
Low

inject:

unknown

unknown

has potential
if mixed

has potential
if mixed
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virtuaily essential for success in the case of fine-grained soils, more
viscous formulations can be used than would be the case for grouting. This
means éhat somewhat higher strengths should be attainable than would be
possibie by injection alone,

A comprehensive summaf§ of information about chemical grouts and
their'ﬁfdperties,_including some information about toxicity, is given in

Chemicéerrouting by Reuben H. Karol,'Marcél Dekker, Inc., New York, 1983

(Refeféhce 92).

Like the resins, sodium silicate, the other promising chemical class
for chémical stabilization of slopes, either fills the pores of the soil
and/or&Céments the soil pérticles. It has been both injected and mixed.
Again;;the literaﬁure proyidés little information on the properties and
compositions of the sodium silicate solutions viewed as promising for slope

stabilization. However, extensive information is available about the prop-

‘ertié§¥bf silicate grouts; e.g., Karol (1983).

A listing of sources of grout chemicals is given in Appendix 3. The

1isted;individuals and organizations should be able to provide information

and materials about compositions, properties, handling, environmental

impacﬁé,_availability and costs of chemicals for use in slope stabiliza-
tion.~i |

&he resins with potential for slope stabilization can be used in
sandy or clayey scils. They can cause an increase in the strength and sta-
bility;and a reduction in the swelling potential. Resins have the advan-
tage'éf a faster rate of stabilization than many other chemicals because of

short;Set times, yet they can be costly. Various types of resins have been

tested, natural and synthetic, including carbamide, urea-formaldehyde, and

aniline-furfural.
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Although listed in Table 2 as non-proprietary materials, silicates
are available also in a range of Proprietary formulations. Silicate grouts
have a long history of Successful use in sands. Provided they are ade-
quately mixed with the'soil, they may be equally useful in fine-grained
soils as well.,

Other chemical classes that have been studied for the stabilization
of soils include phosphoric acid, lignins, salts, hydroxides, polymers, and
large organic cations, Phosphoric acid has generally been restricted to
treatment of clay or loess soils. Lignins, salts, and hydroxides have been
shown to give some improvement in treated soil properties under some condi-
tions. The potential of these chemicals for stabilization of slopes is un-
certain, as investigations so far have been mainly relative only to road
applications;however, none seem capable of the strength improvement obtain-

able with either resins or silicates,

D. Techniques for In-Situ Mixing

As noted earlier simple injection of chemicals into unstable slopes

of fine-grained soil is not likely to be successful for stabilization

ble zone. There are, however, three relatively new techniques that may be
suitable for economical and effective slope treatment. They are (1) deep
in-place mixing, (2) jet grouting; and (3) impulge injection. Deep mixing
and jet grouting are described by Mitchell (1981), reference 55, and brief
descriptions follow.

Deep chemical mixing is performed in situ. An admixture, generally
lime or portland cement in past applications, is mixed with the soil to

form stabilized columns or walls, A measured amount of stabilizer ig fed
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““"CIGURE 1 DEEP CHEMICAL MIXING
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into the soil to be stabilized through rotary drills equippéd with special
auger bits to advance to the desired depth and to mix the admixture and
soil thoroughly during withdrawal. Figure 1 shoﬁs the process schemati-
cally. The process could be used alone or in conjunction with other stabi-
lization methods to prevent the movement of slopes. An arrangement of
columns, groups of columns, in-situ wal;s, or treated buttresses can be
designed to yield the needed factor of safety,

Jet grouting is a process that fractures and erodes the soil around a
drilled hole by high pressure (several thousand psi) grout jets directed
horizontally away froﬁ the drill rod. Grout slurry is injected through the
jet pipe and mixed with the disturbed soil. Stabilized soil columns are
formed by simultaneocusly lifting and rotating the drill rod while jetting,
Figure 2. Jet grouting can be used in both cohesive and noncohesive soils.
Portland cement has generally been used as the admixture; however, chemi-
cals could be injected as well. This method can be carried out vertically,
or at an angle to stabilize a slope, as shown in Figure 3.

In a technique recently developed by Underground Technologies of
Brentwood, CA, a rapid series of pulsed injections under very high pressure
is used to mix a stabilizer with the soil. An accumulator is used to
develop injection pressures of several thousand psi. The injected material
breaks down and mixes. with the soil, producing a high strength zone.
Columns and walls can be produced. Insufficient data are available so far
to define the levels of improvement that are possible; however, the method
has been used successfully for strengthening the foundations of towers and
poles.

A list of companies and contractors operating in the U.S.A. that do

deep mixing, jet grouting, and impulse injection is given in Appendix 4.
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Plan < 0
FIGURE 2  JET GROUTING:
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E. Proprietary Materials and Techniques for Stabilization {Table 3)

Deep mixing methods for stabilization of soft clayey or sandy soils,
using a cement slurry with chemical additives have been developed. The
strength of the soil is increased while the permeability is lowered.
S.M.W. Seiko Co., Ltd. (Redwood City, CA) is among the first companies in
the U.5.A. to use this method to strengthen soil. The first major applica-
tion of this method in the U.S.A. is for the stabilization of liguefiable
Saﬁds and gravels at Jackson Lake, Wyoming during 1987-88.

The Claypak system, developed by the Central Chemical Co., incorpo-
rates several products into clays or silts. The wet bearing strength of
the scoil is increased, and the plasticity index and potential for expansion
and contraction are decreased. According to the available information the
soil must not be saturated. No particular lab tests or methods are recom-
mended, just those normally used and/or preferred. The products are
reported to increase the friction between the particles and the migration
rate of water through the saturated soil. To stabilize a landslide it
would be necessary to know the slide plane location and size. These prod-
ucts are not intended by the manufacturer to be the-sole method of correc-
tion, but used in addition to conventional correction methods. As the
Clay-Pak chemicals are acidic, they are difficult to handle.

lon exchange was proposed in the Iontech system for slope stabiliza-
tion, déveloped several years ago, but apparently no longer available. An
ionic solution, the make-up of which depends upon the soil to be stabi-
lized, is injected into hillsides to increase the shear strength of clays.
Laboratory tests must be performed prior to stabilization to identify the
soil in question and to choose the most appropriate chemical. Test speci-

mens ideally should come from the slip surface. Application is gimple and

www . fastio.com
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onrtoxio chemio&ﬁo éﬁe useio To stabilize hillsides, the solution must
come: inéo-oontact.wi£ﬁ=eﬁisﬁing and: potential slipvsurfaoes. The effec-
tiveness of this technique has not been def1n1te1y established.

American Cbnsoild” Ine, proposes the use of a two step liquid chemi-
cal stabllmz&tlom process that can be.used on all cohesmve or semi-cchesive
soils as-long as they are mmxab&e. The stmE11mzers, Consolid 444 and
Goﬂservox; &re‘petfomeumlﬂxstmﬁl&tes that are'mﬁxe& inte the soil; imjec-

' ﬁiom isfﬁof recommended. Thrs process incredses the bearing strength and
CBR oi a SOll deoreases its water sen51t1VLty, and allows better perme-
abilmty”oontroi, Iﬁuadﬁmtiom, it reportedly is less expensive to use than
coﬁventgoﬁal admixt;;oé éﬁ&'ié=non-toxio an& non-polluting.

Gondor SS is a sulfonated 011 product dlstr1buted by the Earth

Sc1ence Products Cofporatlonm The soil to be stabilized must contaim at
least 30%7fiﬂes, The‘ﬂtterherg Iimiﬁs,imoisture~content and density are
used to determxne the amount of chemical required. This product increases

the shear strength, bearmng strength) and density of the soil in question.

it reduces the capillar1ty, organxc content, and cptimum moisture content

of ‘the gorl; ;Coqdor SS-}s oor:osxve‘aﬁ& must be handled carefully during
application. |
'E;ofcaf-iﬁb:f isfoﬁ‘oﬁﬁironmehtaliy acceptable, water soluble chemi-
cal comﬁoSLtion marketed by the Soil Stablllzatmon Products Company.
: .Reportedly, 1t 1mproves clays, silts and sands by increasing the strength,
| CBR, and the water r251stance of the soil. It decreasos the potential for
frost hogve and the optlmumrwatér'content of the soil. Laboratory tests,
inoludigg étfoﬁgfh; réégétaﬁ;é to expansion, permeability, and shrink/swell

potential, are used to check the performance of the chemical with each soil

C\M)PD www . fastio.com
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prior to field application. Attention must be paid to the temperature dur-

ing use and the cure procedure.
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ALPHARETICAL LISTING OF REFERENCE KEYWORDS
ansiiadbetunab Lo lING OF REFERENCE KEYWORDS

aggregants
ammonium chloride
aniline furfural
bitumens

calcium chloride

case history

cementing of soil
particles

creeping mass
diffused

dispersants
experiments & results
field tests

grout

gypsum/slag

historical review/
literature review

hydrochloric acid
hydrofiuoric acid
hydroxides
hydroxy-aluminum
industrial waste/refuse
injection process
inorganic bases

ion exchange for
stabilization

iron oxide
known failure plane
lab tests

lignin, chrome-lignin,
lignosulfonates

lime

mixed in situ
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20
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5
57
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56
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55
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8
27
54
33
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36
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molasses

multivalent cations, organic cations
percolated

petroleum derivative/distillate
phosphate rock

phosphoric acid

pollution due to chem stabilization
polymers '

portland cement

pozzolan/flyash

quaternary amines

reference chart

resins

rosins

salts

silicates

silicones

slickensides

sodium acid abietate {(resin)
sodium hydroxide

sodium silicate

solution used

sprayed

stabilization mechanisms
discussed

sulfates
sulfuric acid

voids filled

water glass

waterproofing agent
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NUMERTCAL LESTING :OF REFERENCE KEYWORDS

dispersants

- bitumens

portland wcement

historical neviewy
literature review

resins
1ime

ionﬁexchange for
stabilization

soﬂium:silicate
impﬁ;oxide
qﬁéﬁennary.amines
poz#olan - flyash -

inorganic bases

pollution due to <chem.

stabilization
indﬁstrialrwaste/refuse
reference chart

expériments & results

salts

lignin, chrome-lignin,
lignosulfonates
aggfegants

phosphoric acid
grout

cai?ium chloride
pol&mgrs
hydrofluoric acid
siiicones
injgctioh_procéss
solution used

cementing of soil
particles

i

‘29
30
31
32
33
B4
35

36
37
38
39
40

41

42
43
44
45

46

47
48
49
50
51

52

53
54
55
56
57

sodiun hydroxide
mixed im -situ
wvoids filled
sulfates

stabilization mechanisms discussed

sammonium .chloride

. hydreoxy-aluninum

water glass
sulfuric acid
phosphate rock
hydroechloric acid

molasses
waterproofing agent

case history
1ab tests
field tests
diffused

percolated

maltivalent cations, organic cations
aniline furfural

hydroxides

creeping mass

slickensides

known failure plane

gypsun/slag

sprayed

sodium acid abietate

rosins

petroleum derivatives/distillates
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ON CHEMJCAT. STABILIZATION OF SOILS
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Reference Listing Format:
art no

author

art title

publication and date

location

key words (see separate listing)

68
Aboshi, H.
Soil Improvement Techniques in Japan

Seminar on Soil Improvement & Construction Tech. in Soft Ground Jan 10-11,
1984, p 3

Singapore

3568 21 23

107

Allberry, E.C., Hawkins, S.W.

Stabilized Soil and a Process of Stabilizing It

U.8. Patent 2687358 August 24, 1954
2 10 16 20 22 30 37 39 43

7

Arotra, H.S., Scott, J.B,. _

Chemical Stabilization of Landslides by Ion Exchange
California Geology v 27 May 1974 p 99

7 27 33 42 45

101
Banerjee, R.K., Gopala Sarma, G.R.
Landslide Control Measures and Their Efficacy

Proceedings, Internat’l Symposium on Landslides v 3 April 7-11, 1980 p 232
New Delhi, India
362150

134
Beketov, A.K., Seleznev, A.F,
Nature of the Deformation and Failure of Silicate-Stabilized Loess

Soil Mechanics and Foundation Engineering v 8 n 6 Nov-Dec 1971 p 408
8 16 26 28 31 43 50 56

115

Bell, F.G.

Methods of Treatment of Unstable Ground
Butterworth & Company, Ltd. 1975

London
3421
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Be11 . R
Future Advances in Soil Placemenf: and Improvement

ASCE Jourmal of the Geotechmical Diviston v 104 n 1 Janr 1978
14 28

70 .

- Berehiardt, G.
Stabilization of Landslides: Effects of Varfous Chemicals on the Laboratory
Shear Strength of an Expansive Soil

Calif Dept of Conservation, Biv of Mines and Geology Special Rpt 155, 1984
&7 % 16 17 22 24 28 29 32 33 38 43 45 47 49

162 :

Bromhead, E.N.

The Stability of Slopes - Chapter 8; Remedial and Corrective Measures for
Slope Stabilization

Chapman and Hall 1986 New York

7 2r 23

Z : '

Bryhn, O.R., Loker, T., Aas, €.

Stabilization of Sensitive Clays with Hydroxy-Aluminum Compared with Unslaked
Lime

Proc. of the 8th Europear Conf. on Sofl Mech. & Found. Engr. v 2 May 23-26,
1983 p 885

' Helsfnki, Finland
6 16 33 ‘ﬂ3~5~

3 _

Building Research Advisory Board

Chemical Soil Stabilization

Div. of Engr., Nat'l Academy of Sciences, Nat’l Research Council May 1967
Washington, D.C.

236 1120 21 22

iz
Burrows,. R.C.,
- Soil Stabilization

U.8. Patent 32&8040 Nevember 29, 1966
g 12 16 ’17 30 63 4% 5456

13 i
Chatoiari, J.M.

. A Sunmary of Slope Stabilization Metheds
April 1976
6 21 42 |

116 g ik '

Clough, ‘@.W., Kuck, W.M., Kasali, €.
Silicate-Stabilized Sarnds
Proceedings, ASCE v 105 GTL 1979 p 65
4 16 2126 27 43 44 56
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80

Currin, D.D., ed

Proceedings: First Air Force Weapons Laboratory Soil Stabilization
Colloquium .

Aerospace Facilities Branch, CE Division WLC-TN-70-002 January 1970 AFWL,
Kirtland AFB, New Mexico

35611 15 16 42 43

88
Davidson, D.T. o '
Exploratory Evaluation of Some Organic Catioms as Soil Stabilizing Agents

Research in Soil Stabilization 1949, Iowa State College Bulletin Engr Rpt No
4 1950-51

Ames, Iowa
7 16 27 30 43 47

120
Davidson, D.T.
Exploratory Evaluation of Some Organic Cations as Soil Stabilizing Agents

Proceedings, Highway Research Board v 29 1949 p 531
7 16 27 30 43 47

89
Davidson, D.T., Glab, .J.E.
An Organic Compound as a Stabilizing Agent For Two Soil-Aggregate Mixtures

Research in Soil Stabilization 1949, Towa State Gollege Bulletin Engr Rpt No
4 1950-51

Ames, Iowa
16 33 43 47

118
‘Davidson, D.T., Glab, J.E.

An Organic Compound as a Stabilizing Agent For Two Soil-Aggregate Mixtures
Proceedings, Highway Research Board v 29 1949 p 537 ‘
4 7 10 16 27 30 33 43 47 ‘

42 - :

Demirel, T., Benn, C.H., Davidson, D.T.

Use of Phosphoric Acid in Soil Stabilization
Highway Research Board Bulletin n 282 1961 p 38
Washington, D.C.

16 20 22 33 35

94
Demirel, T., Davidson, D.T.
Stabilization of Calcareous Loess with Calcium Lignosulfonate and Aluminum

.Sulfate

Proceedings, Iowa Academy of Science v 67 April 23-24, 1960 P 290
Iowa City, lowa
18 32 33 43
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ST

Duncaﬁ J-M
Prevention and Gorrection of. Landslides

6th Annual Nevada Street & Highway Conference April 7, 1971
6 21 26 42

737 n L - |
" Dunlap, W.A., Gallaway, R.M., Grubbs, E.C. House, J.E.
. Recent Investigations on Use of a Fatty Quaternary Ammonium Chloride as a

Soil Stabilizing Agent

Highway Research Board Bulletin n 357 1962 p 12
Washington, D.c. -

116 33 41

139

- Escbbaf';ﬁ Paredes, J., Espinal, W.
' Electrochemical Soil Stabilization (SPANISH)

VIII Panamerican.Conf on Soil Mechanics & Foundation Engineering v 3 August

- 1987

Cartagena, Columbia
7 26 27 30 42 '58

15

Evangelista, A., Pellegrino, A., Aurisicchio, §S., Masi, P., Nicolais, L.
Improvement of Volcanic Tuff by Means of Polymer Impregnation

Proc. of'the 8th European Conf. on Soil Mech. & Found. Engr. v 2 May 23-26,
1983°p 757 . :

. Helsinki, Finland

16723 26
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16

" Evans, G.L., Bell, D.H.

Chemical'Stabilization of loess, New Zealand

Proc. of ‘the 10th Internat’l Gonf on Soil Mech. & Found. Engr. v 3 June 15-
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Appendix 1

Solicitations for Information on Chemical Stabilization of Slopes

Two sets of letters were mailed requesting information pertinent to the
study. The first set of letters was sent to the Geotechnical Engineers of
the Department of Transportation of each state and of each Federal Highway
Administration Region. Responses, in the form of a letter or phone call,
were received from slightly over 50% of the people contacted. Of the 33
responses, 25 indicated no experience with chemicals as stabilizers for
slopes. 8ix states had experﬁmented with lime only and one with cement only.
One state, Iowa; has experimented with several admixtures, including asphalt,
gypsum, sulfides and silica gels, all of which proved to be unsuccessful for
various reasons.

The second set of letters was sent to various manufacturers or dis-
tributors asking about specific soil stabilization products. Ten organiza-

tions were contacted. Four of these responded, usually sending a company

‘brochure and/or additional information on the product in question.

An example of each of the two groups of letters used from solicitation
of information on chemical slope stabilization is given on the following

pages.
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UNI'V-ERS.ITY OF CALIFORNIA, BERKELEY

BERKELEY * DAVIS * JRVINE - LOS ANCELES * RIVERSIDE * SAN DIEGO * SAN FRANCISCO

Cl\'fﬂ.. ENGINEERING ) BERKELEY, CALIFORNIA 94720
Geotechnical Engineering .

MODMBQMI June 12, 1987

Dow Chemical_Co..
2030¢ Dow Center
Midland, MI 48640

Dear Sirs:

We are presently engaged in a project under the sponsorship of the
California Department of Transportation on the chemical stabilization of
landslides. Our specific objective is to identify and evaluate

- promising and potentially useful materials and methods, with emphasis on
stabilizers other than cement and lime. The major focus is on methods
for improving hillside stability and stopping creep movements. If
promising candidate materials can be identified, then recommendations
will be formulated for field evaluation tests to be done by Caltrans.

I am writing to you because it has come to our attention that your
company has developed two products, Peladow and Terbee C-7, which may be
of interest to this study. We have already assembled most of the
readily available literature from personal files and the usual library
sources. Information on your products, however, has not been found
during our search thus far. I would be most grateful if you could make
available to us any literature on the products, especially technical
information giving the results of laboratory or field tests performed
using these chemicals.

Thank you very much for your help.

Sincerely yours,

James K. Mitchell
Professor of
. _ Civil Engineering

JKM/ edb
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UNIVERSITY OF CALIFORNIA, BERKELEY

BERKELEY * DAVIS * IRVINE » LOS ANGELES * RIVERSIDE * SAN DIEGO ° SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

CIVIL ENGINEERING BERKELEY, CALIFORNIA 894720

Guatechinivad Enineering
4 §0 Davis Hall

March 13, 1987

Mr. Carl Gottschall

Geotechnical & Const. Engineer
¥ederal Highway Administration,

HEQ-01 Leo W. O'Brien Fed. Bldg.,
Room 729 Clinton Ave. and N. Pearl St.
Albany, New York 12207

Dear Mr. Gottschall:

We are presently engaged in a project under the sponsorship of the
California Department of Transportation on the chemical stabilization of
landslides. Our specific objective is to identify and evaluate promising and
potentially useful materials and methods, with emphasis on stabilizers other
than cement and lime. The major focus is on methods for improving hillside
stability and stopping creep movements. If promising candidate materials can
be identified, then recommendations will be formulated for field evaluation
tests to be done by Caltrans.

I am writing to you to request your assistance in identifying any
pertinent information on chemical stabilization that may bear on this
problem, but which may have been overlooked or not easily available. We have
already assembled most of the readily available literature from personal
files and the usual library sources. There may be, however, project reports,
chemical evaluations, or other information that has not made its way into the
open literature, but which would be useful for this study. If you know of
any and could make it available, I will be most grateful. If you know of any
leads that might be followed to such information or have information about
new chemicals, it would be helpful as well. If you would rather call than
write, my phone number is (415) 643-8624.

Thanks very much for your help.

Sincerely yours,

James K. Mitchell
Professor of
- Civil Engineering

JKM:edb
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Apvendix 2

Manufacturers and Distributors of Proprietary Chemical Stabjlizers

Ion Tech, Inc.
Company no longer exists

American Consolid Inc.

5328 Tremont Ave,.

Davenport, IA 52807

(319) 386-0620

Paul K. Raiford, Jr., Vice President

Soil Stabilization Products Company
P.0, Box 2779

Merced, CA 95344

(209) 383-3296

Robert B. Randolph

American Soil Technology Corporation
945 Sunset Drive

Costa Mesa, CA 92627-4409

(714) 722-2900

Dick Peckenpaugh

Chevron Chemical Company

Sulfur Products Division

575 Market Street

San Francisco, CA 94105

W.G. Toland, Vice President & General Manager

Stabilizer

1522 North 35th Street
. ' Phoenix, AZ 85008

(602) 273-6244

Tim Myers

The Central Chemical Company
1407 East Olive Avenue
Fresno, CA 9372f§

(209) 268-0241

ClibPDF - www .fastio.com


http://www.fastio.com/

ClihnPDF

“'ECO Geochemical Consulting Led.

301-336 5th Avenue North
Saskatoon Sask.
Canada. S7K 2P4

(306) 242-3323

Alex Naudts

Kansai Engineering Co., Ltd.
Post., No. 617 47-3,

Imazato Fukeno-Cho,
Nagaokakyo-City Kyoto-Pref.
Japan

(075) 954-1221

Takenaka-DoBcku Co., Ltd.

~ 21-1, 8-chome, Ginza,
' Chuo-ku, Tokyo, 104
Japan -

(03) 54246321

Earth Science Products Corp.
1960 S.W. 16th Avenue
Portland, OR 97201

Richard C. Gearhart, President
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Appendix 3

. Sources of Soil Grouting Materials, Resins, and Silicates

Avanti International

1275 Space Park Drive

Houston, Texas 77058

713-333-5430

Contact: F. David Magill
(Q-SEAL Acrylamides, urethanes)

Celtite, Inec.
Cleveland, Ohio 44133
216-237~3232
Contact: Tony Plaisted
(Polyurethanes, phenclic resins, sodium silicate hardeners)

Federal Bentonite

1002 Greenfield Road
Montgomery, Illinois 60538
910-232-0759

Contact: Bruce Beattie

International Minerals & Chemical Corp.
666 Garland Place :
Des Plaines, Illinois 60016 .
312-296-0600

(Bentonite)

Penetryn Restoration
Division of BPR Corporation
Knoxviile, Tennessee
(Phenolic resins, sodium silicate hardeners)

U.S. Grout Corporation
P 401 Stillston Road
Fairfield, Connecticut 06430
203-336-7900
(Portland Cement Grouts, bentonite)

American Colloid Company
Environmental Products Div.
- 5100 Suffield Court
. Skokie, Illinois 60077
312-966-5720
(Bentonite)
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©Guess,,  Inc.
3501 Vineland Roadi
Otlandoy, Florida: 32805
. 305-849~0190
¢AM-9:-oniliy)

Hazliliiburton: Services;

Duncany,, Okdiahoma 73533

- 405-251- 3760

“(Jet Grouting, Bemtomditte: Products))

Mobay Chemirall Corporatiion:
Prasties: andi Coutrinps: Difv.
Bittsburgls, BE& 15205
412-7T88- 1458
Contact: Kirk MeCzbe:
(Resitns, sodium silicate Rardeners)

Redchold Chemiicals, Inc.
RCE Runfildimg
‘White: Plains:, New York 10602
617-475~-6600
(Resins, silicate hardenmers:)

I Center
Adhesives, Coatings & Sealers:
Dn.v:r.siﬁm
St.. Paul, I~f1nneso1ia=, S5EA4:
Contiacts Joe Gasper
(\Ecxamsr urethau\es:)“?

Gegchliemical Corporation

162 Spencer Place

Ridgewcod, New I’ea:se’yf @W‘li&@

2QL~447-5525

Contacts Willliam J. Cla:rrka,, Pres.
(Resim, AC-400 Grout, acrylate monomsrs)

Pressure: Grout Company

125 Seuth Linden Avenue

So.. Sam Francisco, CA 94680

&15-87T1-2244

Contact: H. R. AL-Alusi
(Chemical grouting)

I
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SIROC Department
Raymond Concrete Pile, Division of
Raymond International Inc.
2 Pennsylvania Plaza
New York, NY 10001
(SIROC chemical grout, silicate formaldahyde)

PQ Corporation, Incorporated
801 Grayson
Berkeley, CA 94710
415-845-1048

(Silicates)

Dougherty Foundation Products, Inc.
P. 0. Box 688

Franklin Lakes, NJ 07417
201-337-5748

(Jet grouting)
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Appendix 4

Organizations that do Deep Mixing. Jet Grouting,

. and Impulse Tnjection

.GKN Hayward Baker
1875 Mayfield Road
Odenton, MD 21113
(301) 551-8200

(Jet grouting)

5.M.W. Seiko, Inc.
100 Marine Parkway
Suite 350
Redwood City, CA 94065
(415) 591-9646

(Deep mixing)

Pressure Grout Company
125 South Linden Avenue
South San Francisco, CA 94080
(415) 871-2244
(Jet grouting)

Underground Technologies
P, 0. Box 322
Brentwood, CA 94513
{415) 634-2688

(Impulse injection)

Haliburton Services
Duncan, Oklahoma 73533
(405) 251-3760

¥ : (Jet grouting)

ClibPDF - www .fastio.com


http://www.fastio.com/

ClibPD wwvw fastio.com


http://www.fastio.com/

	E:\images\000012\00001253.tif
	image 1 of 136
	image 2 of 136
	image 3 of 136
	image 4 of 136
	image 5 of 136
	image 6 of 136
	image 7 of 136
	image 8 of 136
	image 9 of 136
	image 10 of 136
	image 11 of 136
	image 12 of 136
	image 13 of 136
	image 14 of 136
	image 15 of 136
	image 16 of 136
	image 17 of 136
	image 18 of 136
	image 19 of 136
	image 20 of 136
	image 21 of 136
	image 22 of 136
	image 23 of 136
	image 24 of 136
	image 25 of 136
	image 26 of 136
	image 27 of 136
	image 28 of 136
	image 29 of 136
	image 30 of 136
	image 31 of 136
	image 32 of 136
	image 33 of 136
	image 34 of 136
	image 35 of 136
	image 36 of 136
	image 37 of 136
	image 38 of 136
	image 39 of 136
	image 40 of 136
	image 41 of 136
	image 42 of 136
	image 43 of 136
	image 44 of 136
	image 45 of 136
	image 46 of 136
	image 47 of 136
	image 48 of 136
	image 49 of 136
	image 50 of 136
	image 51 of 136
	image 52 of 136
	image 53 of 136
	image 54 of 136
	image 55 of 136
	image 56 of 136
	image 57 of 136
	image 58 of 136
	image 59 of 136
	image 60 of 136
	image 61 of 136
	image 62 of 136
	image 63 of 136
	image 64 of 136
	image 65 of 136
	image 66 of 136
	image 67 of 136
	image 68 of 136
	image 69 of 136
	image 70 of 136
	image 71 of 136
	image 72 of 136
	image 73 of 136
	image 74 of 136
	image 75 of 136
	image 76 of 136
	image 77 of 136
	image 78 of 136
	image 79 of 136
	image 80 of 136
	image 81 of 136
	image 82 of 136
	image 83 of 136
	image 84 of 136
	image 85 of 136
	image 86 of 136
	image 87 of 136
	image 88 of 136
	image 89 of 136
	image 90 of 136
	image 91 of 136
	image 92 of 136
	image 93 of 136
	image 94 of 136
	image 95 of 136
	image 96 of 136
	image 97 of 136
	image 98 of 136
	image 99 of 136
	image 100 of 136
	image 101 of 136
	image 102 of 136
	image 103 of 136
	image 104 of 136
	image 105 of 136
	image 106 of 136
	image 107 of 136
	image 108 of 136
	image 109 of 136
	image 110 of 136
	image 111 of 136
	image 112 of 136
	image 113 of 136
	image 114 of 136
	image 115 of 136
	image 116 of 136
	image 117 of 136
	image 118 of 136
	image 119 of 136
	image 120 of 136
	image 121 of 136
	image 122 of 136
	image 123 of 136
	image 124 of 136
	image 125 of 136
	image 126 of 136
	image 127 of 136
	image 128 of 136
	image 129 of 136
	image 130 of 136
	image 131 of 136
	image 132 of 136
	image 133 of 136
	image 134 of 136
	image 135 of 136
	image 136 of 136


